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Abstract
Background and purpose. In patients with locally advanced rectal cancer, neoadjuvant long course (45�54 Gy in 25�30
fractions) chemoradiotherapy (CRT) may reduce tumour size and result in downstaging. In patients with primary resectable
tumour short course (25 Gy in 5 fractions) radiotherapy (SCRT) reduces local recurrence but downstaging the disease or
altering tumour size has not been described. We aimed to assess change in tumour size on MRI after SCRT or CRT.
Material and methods. Nineteen patients with rectal carcinoma underwent MRI before and after SCRTor CRT. In each case,
tumour length and width were documented and number of locoregional lymph nodes recorded. Total mesorectal excision
was performed in 15 patients and MR findings correlated with histopathology.
Results. Ten patients received SCRT and nine CRT. Tumour length reduced by 19% overall (15% following SCRT, 23%
following CRT). Significant reduction in overall tumour thickness of 27% was seen (25% following SCRT, 29% following
CRT). Greater than 30% reduction (partial response) in maximum tumour thickness was seen in 4/10 (40%) following
SCRT and 5/9 (56%) following CRT.
Conclusions. Significant reduction in tumour size can be achieved with preoperative long course CRT and SCRT. This
unexpected finding following SCRT has not been previously described.

Local recurrence of carcinoma of the rectum results

in significant and disabling symptoms with limited

palliative treatment options and poor survival. Re-

currence rates of up to 40% were previously reported

following conventional surgery with poor 5 year

disease free survival of around 44% [1�3]. The

subsequent introduction of total mesorectal excision

(TME) surgery has led to a significant reduction in

local recurrence rates. TME involves the en block

dissection of the rectum and surrounding mesorec-

tum containing vessels, nodes and lymphatics. TME

surgery alone has been shown to reduce local

recurrence to around 5% [4�6] and is now the

widely accepted surgical practice for operable rectal

carcinoma.

The Swedish Rectal Cancer Trial [7] demonstrated

a 58% reduction in local recurrence rates with the

addition of preoperative short course radiotherapy

(25 Gy in 5 fractions over 5 days) to conventional

surgery, as compared to surgery alone (27% recur-

rence versus 11%). Recurrence rates can be reduced

further to below 3% with combined TME surgery

and short course radiotherapy [8].

In patients with locally advanced rectal carcinoma,

preoperative long course radiotherapy (45�54 Gy in

25�30 fractions over 5�6 weeks) with concomitant

chemotherapy is well recognised to reduce tumour

size and can result in downstaging. In contrast, the

benefit of short course radiotherapy on local control

is thought to be due to a sterilising effect on the

tumour and surrounding vascular and lymphatic

drainage pathways rather than by reducing tumour

bulk. In this prospective observational study

we investigated the direct effect of short course
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radiotherapy (SCRT) and long course chemora-

diotherapy (CRT) on rectal tumour size and local

lymph nodes using MRI before and after treatment.

Materials and methods

Study population

Study approval was granted by the local research

ethics committee. Thirty-seven consecutive patients

with biopsy-proven adenocarcinoma of the rectum

who were referred for preoperative MRI were

initially enrolled in the study. Of these, four patients

underwent palliative treatment only for widespread

metastatic disease at presentation and were subse-

quently excluded, as was one patient who refused

radiotherapy. One patient who was unable to

tolerate MRI due to claustrophobia and a further

12, for whom imaging with MRI was either un-

obtainable or incomplete, were excluded. The

remaining 19 patients were included in the study;

14 male and five female with a median age of

62 years (range 34 to 82 years). The management

plan for each patient was determined by consensus

agreement at local Colorectal Multidisciplinary

Team meetings. Ten patients received SCRT, eight

had long course CRT but one failed to complete

CRT, receiving only 7 fractions plus chemotherapy.

All 19 patients underwent pre- and post-radiother-

apy MRI. Post-treatment MRI scans were per-

formed a mean of 28.1 days (median 35 days)

after CRT and 1.3 days (median 0 days) after

SCRT. Eighteen patients went on to TME surgery.

Surgery was performed a mean of 50.7 days (med-

ian 48 days) after completion of CRT and 7.3 days

after SCRT (median 6.7 days). In one patient

laparotomy revealed widespread locally invasive

disease (T4) and surgery was abandoned.

Radiation technique

In all cases the clinical target volume for radio-

therapy included the primary tumour, mesorectum

and internal iliac nodes below the sacral promontory.

The volume was localised on a CT-based planning

system and patients were treated using a 3- or

4- field technique using at least 6 MV photons.

The prescribed dose was specified according to the

International Commission on Radiation units and

Measurements 50 guidelines. For SCRT a dose of

25 Gy in 5 fractions of 5 Gy was delivered over

5�6 days. TME surgery was scheduled within 7 days

of completion of the radiotherapy. For CRTa dose of

45 Gy in 25 fractions of 1.8 Gy was delivered over

5 weeks, treating daily, Monday to Friday. Conco-

mitant chemotherapy comprised either continuous

infusion of 5-Fluororacil at a dose of 200 mg/m2

body surface area per 24 hours or oral Capecitabine

at a dose of 750�825 mg/m2 body surface area twice

daily. In all cases the chemotherapy was given

continuously (including weekends) throughout the

radiotherapy. TME surgery was scheduled for

6�12 weeks after completion of the CRT.

Imaging technique

MRI of the rectum was obtained before and after

SCRT or CRT using a 1.5T magnet (Signa Horizon,

General Electric Medical Systems, Milwaukee, WI).

Thin section T2 weighted (T2W) fast spin-echo

images were obtained in sagittal, axial and axial-

oblique planes (perpendicular to the long axis of the

tumour) with the following parameters; Sagittal

T2W; TR/TE 5000/135, 3 mm slice thickness with

0.3 mm interslice gap, 38 cm field of view (FOV),

4 acquisitions, 512�224 matrix; axial T2W, TR/TE

5000/135, 8 mm slice thickness with 2 mm interslice

gap, 38 cm FOV, 2 acquisitions, 512�256 matix;

axial oblique small FOV T2W; TR/TE 4000/105,

3 mm slice thickness with no interslice gap, 24 cm

FOV, 3 acquisitions, 512�256 matrix. Axial T1

weighted (T1W) spin echo images performed with

TR/TE 400/15, 8 mm slice thickness with 2 mm

interslice gap, 24 cm FOV, 2 acquisitions and 256

�256 matrix.

Measurements

Measurements of tumour length and width were

made: a single length measurement was made on the

T2W sagittal images; a total of five tumour width

measurements were taken. For this, five measure-

ments were made from the radial margin of the

tumour to the luminal surface and their sum

calculated (sum of longest diameters; sum LD), as

shown in Figure 1. Comparison of pre- and post-

radiotherapy MRI scans was made and width

measurements taken at matched levels (Figure 1).

All visible locoregional nodes were documented for

size and position. The total number of visible nodes

before and after radiotherapy was documented.

Statistical analysis

A measure of significance of change in tumour

length and width was calculated using the 1-sample

student’s t test comparing pre radiotherapy length or

width (sum LD) with change in size. Significance in

change of number of visible locoregional nodes

before and after radiotherapy was made using the

Wilcoxon signed rank sum test.
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Results

Tumour size

Reduction in tumour width and length was observed

following both SCRT and CRT (Figures 1 and 2).

The decrease in length and width for individual

tumours are shown as a scatter chart in Figure 3.

There was a significant reduction in tumour length

from a mean of 5.6 cm to 4.7 cm following SCRT

(p�0.028); and from 7.1 cm to 5.5 cm following

CRT (p�0.006). Overall, preoperative treatment

reduced tumour length by 19% with a 15% reduction

after SCRTand 23% after CRT. Similarly, significant

reduction in tumour width was observed in both

treatment groups. The sum LD reduced from a mean

of 6.5 cm to 4.9 cm following SCRT (p�0.002) and

from 8.1 cm to 5.7 cm following CRT (p�0.001).

This was equivalent to 29% overall reduction in

width post-treatment, (25% reduction following

Figure 2. Sagittal T2 weighted MRI through rectal tumour (a)

before and (b) after short course radiotherapy showing reduction

in tumour length post treatment. In this case, tumour length

reduced by 33% following short course radiotherapy.

Figure 1. T2 weighted MRI images obtained perpendicular to the

long axis of the rectal tumour (a) before and (b) after short course

radiotherapy showing reduction in tumour width post radio-

therapy. In this case, tumour width reduced by 52% following

short course radiotherapy. The images are obtained are at exactly

matched levels as shown by the position of an adjacent lymph

node (curved arrow) and vessels (arrow). The markers show how

multiple radial measurements of tumour thickness were obtained

to calculate the overall width measurement as a sum of the longest

diameters (sum LD) according to RECIST criteria. The position

of the mesorectal fascia is shown (arrow heads).
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SCRT and 29% following CRT). We used the

RECIST [9] criteria as a guide to describe the change

in tumour size as measured by the change in the sum

LD. A greater than 30% reduction in mean tumour

thickness (partial response) was seen in 4/10 (40%)

patients following SCRT and 5/9 (56%) following

CRT.

Nodes

The total number of visible loco-regional lymph

nodes significantly reduced from 106 to 74 nodes

(31%; pB0.05) following long course radiotherapy.

The total number of visible nodes reduced from

62 to 56 following short course radiotherapy (10%)

but this was not statistically significant (p�0.05).

Discussion

MRI has gained widespread acceptance in rectal

cancer imaging in recent years and is now the primary

tool for preoperative staging. High staging accuracies

of 55�100% have been reported [10�15]. The

development of the pelvic phased array coil has

resulted in high spatial resolution imaging of the

pelvis [16,17] and enables exquisite depiction of the

mesorectal fascia (mrf), which is the surgical plane for

TME surgery. The circumferential resection margin

(crm) is the depth of tissue between the edge of the

tumour and the mrf at histology, and needs to be a

minimum of 1 mm to ensure safe and complete

resection. Demonstrating the relationship between

extramural tumour and the mrf is vital, as microscopic

involvement of the resection margin predicts local

recurrence rates of up to 85% [18]. Preoperative MRI

predicts surgical margin involvement with over 90%

accuracy [19] when the distance between the edge of

the tumour and mrf measures 1 mm or less. Close

agreement between MRI measurements and histo-

pathological measurement of the crm have been

shown [15,19]. The absence of crm involvement at

histology can be predicted when the distance between

the edge of the tumour and the mrf measures more

than 1 mm on MRI, with a negative predictive value of

up to 93% [14,20].

Tumour downstaging is well recognised following

neoadjuvant preoperative CRT for locally advanced

rectal carcinomas. These tumours are not amenable

to primary curative surgery and CRT is given with

the aim of shrinking the tumour to a more favourable

and operable stage. Tumour downstaging by pre-

operative CRT has been reported in up to 41% of

cases [21]. Tumour downstaging increases with dose

although higher fractions are also associated with

increased complication rates and a standard dose of

45 Gy is given. Preoperative CRT has also been used

in the treatment of resectable rectal cancer, where it

has been shown to improve local control in compar-

ison to postoperative chemoradiotherapy, with re-

duced toxicity [22]. Our findings support the

concept that CRT has a downstaging effect on

both the primary tumour and locoregional nodes.

Short course radiotherapy (SCRT), given as

25 Gy over 5 days with TME surgery performed

shortly after, has been shown to reduce local

recurrence rates to below 3% at 2 years [8]. How-

ever, in this setting, improvement in local control

does not appear to relate to downstaging of the

irradiated tumour and nodes [23]. The benefit of

preoperative radiotherapy in reducing local recur-

rence rates has been further supported by a large

meta-analysis of 22 randomised trials by the Color-

ectal Cancer Collaborative Group [24]. Concerns

have been raised of the increased risk of late toxicity

with SCRT and modifications to the traditional

5�5 Gy treatment schedule may address this issue,

as recently discussed in Acta Oncologica [25].

Our study gives the first direct demonstration of

reduction in rectal tumour bulk following short

course radiotherapy. Despite the relatively small

number of patients, this reduction reaches statistical
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Figure 3. Scatter charts showing reduction in tumour (a) length

and (b) width for each individual patient as shown by change in

tumour (a) length and (b) width (y-axis) plotted against pre

treatment (a) length and (b) width (x-axis). All points above the x

axis are those which reduced in size. Those on or below the x axis

either did not change or demonstrated a measurable increase in size.
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significance for both tumour length and width and is

seen despite an anticipated increase in tumour size

resulting from radiation-induced oedema. By obtain-

ing measurements of tumour width in exactly the

same plane and at carefully matched levels, we are

confident we have directly observed downsizing of

the tumour. The change in tumour volume was an

immediate effect and cannot be attributed to a delay

in post-radiotherapy imaging. The mean time from

the end of SCRT to post treatment MRI was just

1.3 days (median 0 days). Our results are consistent

with the reduction in tumour size after SCRT

inferred by a large study by Graf et al. [26] who

observed significantly smaller tumours on the patho-

logical specimens of 471 patients who received pre-

operative SCRT compared with 235 patients who

received TME surgery alone. They also observed a

lower percentage of higher stage tumours in the

irradiated versus non-irradiated group (33% and

42% respectively for Dukes C tumours), leading

investigators to infer a downstaging effect of SCRT.

Similarly, The Swedish Rectal Cancer Trial [7] also

suggested downstaging following short course radio-

therapy when they observed significantly more Dukes

stage A and B tumours in patients randomised to

radiotherapy plus surgery compared with those who

received surgery alone (68% vs. 59%; p�0.008).

In a more recent study by Bujko et al. [27] patients

with resectable clinical stage T3 and T4 tumours

were randomised to preoperative short course radio-

therapy or chemoradiotherapy. They found similar

rates of survival and local control in both groups.

The equally beneficial effects of both treatments

maybe due to tumour downstaging, further sug-

gested by the finding of pathological stage T1 and

T2 tumours in 39.5% of the short course group

following resection. Interestingly, apparent down-

staging from T2/early T3 to T1 was observed in one

patient in our study following SCRT (Figure 4). In a

second patient, tumour was seen to touch the

potential surgical resection margin on the pre-radio-

therapy MRI but is clear of it following SCRT, and

appears to convert an ‘at risk’ resection margin to a

safe resection margin (Figure 5).

Pathological grading of the degree of tumour

regression following preoperative chemoradiother-

apy, based on the ratio of residual tumour to fibrosis,

has been described [28] and applied to rectal

carcinoma. Tumour regression scores (TRG) equat-

ing to major tumour regression and have been

reported in 59�73% of patients following CRT

[29,30]. In addition, a more favourable outcome in

terms of overall and disease free survival is associated

with major tumour regression compared to non-

responders, suggesting TRG to be an independent

predictor of outcome [29,31]. The results of our

study are supported further by the finding of major

pathological tumour regression in 21% of patients

following short course radiotherapy in one study

[30]. Our study has provided a direct demonstration

of tumour regression before surgery and could be

taken forward to assess the prognostic implications

of preoperative imaging on tumour reduction.

A number of clinical and pathological fact-

ors predict tumour responsiveness to preoperative

Figure 4. Oblique axial T2 weighted MRI through rectal tumour

(a) before and (b) after short course radiotherapy. (a) Tumour

invasion was thought to be just through the muscle layer (stage

T3) with loss of normal low signal muscle wall (arrows). (b)

Following short course radiotherapy the low signal inner and outer

muscle layers (arrows) are now visible (stage T2 on MR but T1 on

histology), suggesting downstaging.
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radiotherapy. These include radiation dose, preo-

perative clinical stage, tumour differentiation and

time before surgery [32]. Higher rates of tumour

regression or downstaging associated with a longer

time interval between the end of radiotherapy and

surgery have been observed [32,33]. Dahl et al. [33]

compared their findings of complete tumour regres-

sion rate of 4.5% following preoperative radiation

dose of 31 Gy with 2.6% regression rate in the

EORTC study [34] where the time interval between

radiotherapy and surgery was 2�3 weeks in the prior

study versus median 11 days in the later. We found

no correlation between reduction in tumour size and

time interval from radiotherapy to surgery for either

SCRT or CRT in our study but the number of cases

is small. It is possible that sequential MRI following

CRT will demonstrate continued tumour response

with time in some cases and might be used to

optimise the timing of surgery.

Tumour related factors which may predict respon-

siveness have also been suggested. One study exam-

ining the ratio of p53 and p21 tumour suppressor

gene expression in rectal carcinoma patients found

those with mutated wild-type p53 expression to be

significantly more radioresponsive [35]. Research in

tumour cell kinetics may help in patient selection for

adjuvant treatment in the future by predicting radio-

responsiveness, although as yet, no specific markers

exist.

In conclusion, we report a significant decrease in

the size of rectal carcinoma following both short and

long course radiotherapy. This is an unexpected

finding following SCRT. Future developments in the

use of MRI in predicting tumour responsiveness to

therapy may provide prognostic information and

help tailor individual treatment.
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